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Solvent resistivityAbstract The poly(urethane–urea) (PUU) based on a, X, hydroxy terminated polystyrene (OH-
PSt-OH), 1,6-hexamethylene diisocyanate (HMDI) and three different diamines (1,2-ethylenedia-
mine (EDA), 1,4-butanediamine (BDA), 1,6-hexamethylene diamine (HMDA)) is prepared by a
melt polymerization method. The length of the soft segment is varying from 2000 to 8900 g/mol
using HMDI as a chain extender. The inherent viscosity of the polymer is found to be in the range
of 0.36–2.0 dL/g suggesting that the polymer is of high molecular weight. FT-IR results conclude
that the urea groups form both monodendate and bidendate assemblies. Temperature dependent
FT-IR and WAXS data conﬁrm that the crystallinity of the copolymer is very high and depends
on the spacer length. DSC data show the peaks for Tg of soft and Tm of hard segments.
Depending on the concentration and the type of hard segments, melting temperature of the poly-
mers was varied from 142 C to 266 C. The solubility of the polymer in chloroform is depending
on the concentration of the hard segment. The TGA data reveal that the polymer shows single stage
decomposition cantered around 413 C.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Segmented block copolymer is multiblock copolymer
containing alternating segments consisting of distinctly
different chemical entities that have different properties ashomopolymers. Thermoplastic elastomers (TPEs) (Holden
et al., 1996) are most probably the best known commercial seg-
mented copolymers. In these TPEs one type of block, repre-
sented as the hard segment, has a high Tm, whereas the
other block designated as the soft segment is derived from
an amorphous polymer with a glass transition temperature
has high or low Tg. The hard segments are capable of under-
going intermolecular association or crystallization to form a
thermally reversible network structure, providing dimensional
stability to the materials above the glass transition temperature
of the soft block (Coleman et al., 1988). Multiblock copolymer
containing 10 or more blocks is expected to have distinctiveArabian
Table 1 Mole fraction in feed, length of the repeating length
and the inherent viscosities of the polymers.
Polymer code Mole fraction SS length
(g/mol)
ginh
(dL/g)
PSt HMDI NH2–X–NH2
PSt2000 – – – 2000 0.1
1a 1 2 1 2396 0.36
1b 2 3 1 4564 0.5
1c 3 4 1 6732 0.7
1d 4 5 1 8900 1.1
2a 1 2 1 2424 0.4
2b 2 3 1 4592 0.7
2c 3 4 1 6760 1.2
2d 4 5 1 8920 1.6
3a 1 2 1 2452 0.5
3b 2 3 1 4620 1.2
3c 3 4 1 6788 1.5
3d 4 5 1 8956 2.0
Where X= can be either A(CH2)2A or A(CH2)4A, or A(CH2)6A.
2 M. Kayalvizhi et al.microstructures and give different mechanical properties than
conventional diblocks and triblocks (Intaek et al., 2013).
Chain extenders are a low molecular weight amine termi-
nated compound that plays a major role in polymer morphol-
ogy. The choice of chain extender and diisocyanate determines
the characteristics of the hard segment and the physical prop-
erties of polyurethane to a large extent. Diamines are readily
reacted with isocyanates and result in the formation of the
hard segment with a high density of secondary bonding, high
Tg, and high thermal stability of the polymer (Sriram et al.,
2005; Russell et al., 1994; Zhang and Eisenberg, 1995 and
Yeganeh et al., 2000). Poly(urethane–urea) is a class of elas-
tomers exhibiting toughness, superior extensibility and exten-
sively used from textile ﬁbres to medical prosthesis.
Introduction of urea group into the polymer backbone is
expected to improve the solubility of the polymer without
affecting the thermal stability signiﬁcantly. High modulus
polyurethane–urea elastomers have many practical applica-
tions – the most important are in the automotive industry
(Paik sung, 1979). Polystyrenes are high Tg (100 C) materials
are used in electrical, electronics, medical, home appliances,
packaging industry, etc. The amorphous polystyrene possesses
poor solvent resistance and environmental stress cracking like
other amorphous polymers. To increase the solvent resistance
of the amorphous polymers, they are often blended with a
higher quantity of high melting semi-crystalline material.
(>40 wt.%) (Bates et al., 2012 and Russell et al., 1994).
The main goal of this project was to synthesize the poly(ur-
ethane–urea) copolymer using amorphous polystyrene with
crystallizable hard segments of hexamethylene diisocyanate
(HMDI), and three different chain extenders such as ethylene
diamine (EDA), butane diamine (BDA) and hexamethylene
diamine (HMDA). Polystyrene is amorphous in nature with
poor solvent resistivity, but synthesized segmented block
copolymer is expected to possess semi-crystalline with
improved solvent resistivity.
2. Experimental
2.1. Materials
1,6-Hexamethylenediamine (HMDA), 1,6-Hexamethylenedi-
isocyanate (HMDI), 1,2-Ethylenediamine (EDA), 1,4-
Butanediamine (BDA), Deuterated dimethysulfoxide (d6
DMSO), Phenol and 1,1,2,2-tetrachloroethane are purchased
from Aldrich Chemical Co. Tetrahydrofuran, Toluene,
Methanol, and Dimethyl acetamide are purchased from S.D
ﬁne Chemical Co. and used as such without further puriﬁca-
tion. The functionalized hydroxy terminated polystyrene
(OH–PSt–OH) is synthesized using the known route (Arun
et al., 2013).
2.2. General procedure for the synthesis of block copolymer
Segmented block copolymers are synthesised with various
mole ratios of soft to hard segments (Table 1) with three differ-
ent chain extenders. The synthetic route for the synthesis of
copolymer is presented in Scheme 1. The preparation of the
copolymer sample having code of 3a is here given as an exam-
ple. Functionalized polystyrene having Mw of 2000 g/mol (6 g,
0.003 mol) is placed in a 100 ml three-necked round-bottomPlease cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005ﬂask, ﬁtted with mechanical stirrer, nitrogen inlet and heated
in an oil bath. When the temperature reached 120 C, a small
excess of HMDI (1.1, 0.006 mol) is added with stirring for 3 h.
After 3 h, the temperature is raised to 150 C and then 0.35 g
(0.003 mol) of HMDA is added with constant stirring for a
period of 2 h. Thus the polymer is formed. The solid polymer
is transparent, while being semicrystalline. The materials have
a slightly cream in hue. Yield: 6 g (80%). 1H NMR (d, ppm):
6.5–7.3 (b, aromatic proton), 4.8 (b, >NH), 3.2 (b, –CH2–
connected to urea group), 3.0 (b, –CH2– connected to urethane
group) 1.3–1.8 (b, aliphatic proton).
2.3. Characterization
Infrared spectra are recorded using Alpha Bruker FT-IR con-
nected with alpha-T accessory with a resolution of 4 cm1
recorded between 30 C and 120 C. Samples are prepared
by adding a droplet of a polymer solution (HFIP (1 g/L)) on
a pressed KBr pellet and the measurements are taken at room
temperature (Wolinska-Grabczyk, 2004).The degree of crys-
tallinity of the rigid segments in the polymers could be esti-
mated with the following equations:
Xc ¼ hð1733Þ½C hð1747Þ þ hð1733Þ  100% ð1Þ
The heights (h) of the amorphous and crystalline urethane
peaks are related by the factor ‘‘C’’ with a value of 2.4
(Arun et al., 2009).
The inherent viscosity of the copolymers at a concentration
of 0.1 dL/g in a 1:1 (molar ratio) mixture of phenol/ 1,1,2,2-
tetrachloroethane is determined at 25 C using capillary
Ubbelohde.
ginh ¼ lnðt=t0Þ=c ð2Þ
where t= elution time of the polymer solution, t0 = elution
time of the solvent and c= concentration of the polymer solu-
tion (g/dL). Wide angle 2D-X-ray Scattering is measured using
Xeuss WAXS instrument. Cu K-alpha is the X-ray source.
Sample to theta distance is 221.75 mm silver behenate is used
for as distances calibration standard. 2D-X-ray scattering data
are integrated using Fit-2D software. 1H NMR spectra of thefunctionalized polystyrene with HMDI: Synthesis and characterization. Arabian
Scheme 1 The reaction pathway for the synthesis of semi-crystalline copolymer.
Poly(urethane–urea) based on functionalized polystyrene with HMDI 3copolymer are run on a Bruker FT-NMR spectrophotometer
operating at 320 MHz at room temperature using d6-DMSO
as a solvent and tetramethylsilane (TMS) as an internal refer-
ence. DSC spectra are recorded on a Perkin Elmer DSC 7
apparatus equipped with a PE 7770 computer and TAS-7 soft-
ware. 10–15 mg of dried copolymer sample is heated at a rate
of 20 C/min for recording DSC spectra. The second heating
and ﬁrst cooling curve is used to evaluate the Tm and Tc of
hard segments respectively. Thermal stability of the polymer
is done using a thermogravimetric analysis (TGA) method
using Dupont 951 thermogravimetric analyser. About 8–
10 mg of the sample is heated from 30 to 600 C at the heating
rate of 10 C/min in a nitrogen atmosphere with a gas ﬂow rate
of 100 ml/ min.
2.4. Swelling ratio of polymer
The equilibrium swelling ratio is measured on pieces of injec-
tion-moulded polymer bars. The samples are placed in des-
iccators with a layer of demineralised water for four weeksPlease cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005at room temperature. The swelling ratio is deﬁned as the
weight gain of the polymer according to Eq. (3):
Swelling Ratio ¼ mo m
m
 100 ½wt:% ð3Þ
where m is weight of the dry sample and mo is weight of the
sample after conditioning to equilibrium.
2.5. Solvent resistivity
Injection moulded sample of dimension 10 · 10 · 2 mm are
used for solvent resistance measurements. Previously weighed
sample is dipped in 50 ml of organic solvents taken in a ﬂask
and shaken for 60 min. After that, the solvent is decanted
and the ﬂask is dried for 24 h at 70 C. It is weighed again
and from the weight loss, the amount of polymer sample dis-
solved in that solvent is calculated by using Eq. (4).SolventResistivityð%Þ ¼ mmo
mo
 100 ð4Þfunctionalized polystyrene with HMDI: Synthesis and characterization. Arabian
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Figure 2 FT-IR spectrum of three copolymers at room tem-
perature: d, 1a; m, 2a; ¤, 3a.
4 M. Kayalvizhi et al.where mo is weight of dry the substance (mg) before solvent
treatment and m weight of the substance (mg) after solvent
treatment.
3. Results and discussion
3.1. Synthesis of polyurethane–urea
PUU is synthesized by two step poly addition reaction. In the
ﬁrst step, a prepolymer is synthesized in the melt using one
mole of PSt with two moles of diisocyanate followed by the
reaction with different chain extenders (EDA, BDA and
HMDA) leads to high molecular weight poly(urethane–urea).
Reaction of hydroxyl groups with the isocyanate group’s
results in urethane group further reaction of diamine with an
isocyanate leads to urea groups in the polymer chain.
Polyurethanes with diamine extenders have high melting tem-
peratures, sometimes too high to melt synthesis and melt pro-
cess without degradation. The Chemical structure of
synthesized PUU is shown in Scheme 1.
3.2. Molecular weight measurements
The hydroxyl terminated polystyrene shows the inherent vis-
cosity of 0.1 dL/g. The PUU copolymer shows high inherent
viscosities (0.36–2.0 dL/g), suggesting that the polymer is of
high molecular weight. The PUU based on HMDA has inher-
ent viscosities ranged between 0.5 and 2.0 dL/g whereas the
inherent viscosity EDA and BDA based PUU ranged between
0.36–1.1 and 0.45–1.6 dL/g respectively. The data are shown in
Table 1. In all the three series, the inherent viscosity is linearly
increasing with increasing the molecular weight as shown in
Fig. 1. It shows that as the length of the soft segment increases,
the inherent viscosity increases accordingly.
3.3. FT-IR spectra
Two different carbonyl groups that can form hydrogen bonds
are urethane and urea groups (Weber and Heckmann, 1998).
Urea groups can form either bidentate or monodentate2000 4000 6000 8000 10000
η i
nh
(d
L/
g)
Repeating length of soft segment (g/mol)
Figure 1 Effect of soft segment length on the molecular weight
of the polymer.
Please cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005hydrogen bonds. The FT-IR spectra of 1a, 2a, and 3a series
at room temperature are shown in Fig. 2. IR spectrum shows
characteristic peak at 3303–3318 cm1 for crystalline NAH
groups. The amorphous and crystalline urethane carbonyls
appear around 1740 and 1730 cm1 respectively. The mon-
odentate crystalline urea carbonyl group appears around
1686–1669 cm1 group. In addition, absorption bands arising
from asymmetric ACH2 stretching centred at 2917 cm
1 and
symmetric ACH2 stretching at 2852 cm
1 is also observed.
The temperature dependent FTIR spectra of 1a, 2a and 3a
in the region of 1500–1800 cm1 are presented in Fig. 3. In the
case of 1a series, some of the H-bonded carbonyl urethane in
PUU breaks up during heating to form non-H-bonded free
carbonyl. The hydrogen bonded urethane carbonyl peak will
appear at lower wave number around 1735 cm1 and highest
intensity, which is attributed to a reduction in the electron den-
sity of the carbonyl groups due to hydrogen bonds (Yilgor
et al., 2006). The peak around 1745 cm1 is assigned to stretch-
ing frequency of non-bonded urethane carbonyl groups. The
peak around 1710 cm1 due to amorphous urea carbonyl
and the H-bonded urea carbonyl groups is centred around
1660–1690 cm1 corresponds to bidendate and monodendate
assemblies (Table 2). The effect of temperature on the crys-
tallinity of the hard segment is given in Fig 4. In EDA based
PUU, upon heating, the peak intensity of H-bonded urethane
C‚O groups and urea groups decreases. Similarly, on cooling
from 120 to 30 C, the H-bonded urethane C‚O peak inten-
sity increases and the peak for free urethane C‚O group
decreases.
Remarkably, the crystallinity of the EDA based PUU is
slightly decreased up to 120 C. Whereas, the crystallinity of
the BDA and HMDA based PUU decreases drastically with
increasing the temperature clearly suggesting that the former
is formed much stable hydrogen bonding than the later two
polymers. It is concluded that the physical crosslinks decrease
as the length of the carbon chain increases i.e., close packing
between hard and soft segment decreases, so that crystallinity
decreases in 3a and 2a with respect to 1a series.functionalized polystyrene with HMDI: Synthesis and characterization. Arabian
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Figure 3 Temperature dependent FTIR spectrum of three copolymer at different temperatures: d, 1a; m, 2a; ¤, 3a.
Table 2 FT-IR data of the multiblock copolymer at room temperature.
Polymer
code
HS
(wt.%)
ginh
(dL/g)
NAH
urea
Free C‚O
urethane
H-bonded
urethane C‚O
C‚O Urea H-bonded urea
C‚O
Crystallinity
(%)a
Monodentate Bidentate
PSt2000 0 0.1 – – – –
1a 16 0.36 3318 1747 1733 1686 – 1649 90
1b 12 0.5 3318 1746 1732 1685 – 1648 85
1c 10 0.7 3319 1745 1731 1685 – 1647 82
1d 9 1.1 3320 1745 1731 1684 – 1646 81
2a 17 0.4 3311 1742 1734 1678 – 1644 70
2b 13 0.7 3310 1741 1733 1678 – 1643 65
2c 12 1.2 3311 1741 1732 1677 – 1642 61
2d 10 1.6 3310 1740 1731 1676 – 1641 58
3a 18 0.5 3303 1743 1736 1669 – 1658 35
3b 13 1.2 3302 1742 1735 1668 – 1657 32
3c 11 1.5 3302 1741 1734 1668 – 1656 25
3d 10 2.0 3301 1741 1733 1667 – 1655 23
a Temperature dependent.
Poly(urethane–urea) based on functionalized polystyrene with HMDI 53.4. WAXS
The WAXS graph of the 2a sample is presented in Fig. 5 and
the graph shows three prominent peaks observed at 1.4, 10.69Please cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005and 20.32 two thetas corresponding to three different planes
and the length of the crystalline planes is 10, 2.5 and 1.5 A0
respectively. Three peaks at 2 theta values of 1.4, 10.69 and
20.32 deg corresponding to (001), (100) and (111) planes offunctionalized polystyrene with HMDI: Synthesis and characterization. Arabian
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Figure 4 Crystallinity studies of three polymers: (a), 1a; (b), 2a;
(c), 3a.
6 M. Kayalvizhi et al.PUU are observed. These data are shown in Tables 4 and 5
(Theivasanthi Alagar, 2010). Also, the WAXS pattern of the
polymer shows sharp peaks which clearly suggesting that the
hard segments are in crystalline form. However, the presence
of broad peaks at the bottom of the sharp peak proves that
the materials are not completely crystalline; in fact the crys-
talline hard segments are embedded in the amorphous soft
matrix.
In contrary to 1a sample, 2a and 3a show no characteristic
peaks (in fact a shallow peak is observed for 3a sample and
presented in Fig. 5) in WAXS measurement. This highly crys-
talline nature of the EDA based polymer is also supported by
the IR and DSC data which are presented in Tables 2 and 3.
However, the presence of broad peaks at the bottom of the
sharp peak proves that the materials are not completely crys-
talline; in fact the crystalline hard segments are embedded in
the amorphous soft matrix.
3.5. DSC
The DSC thermograms of the second heating and the ﬁrst
cooling curve of the polymers 1a, 2a and 3a are given in
Fig. 6. Heating curve shows two peaks corresponds to the
Tg of soft phase and melting endotherm of hard phase. The
cooling curve of 1a and 2a series shows crystallizationIn
te
ns
ity
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a
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Figure 5 WAXS at room tem
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Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005exotherm and this is not observed in 3a series and the results
are presented in Table 3. Table 3 shows that the melting
endotherm depending upon the hard segment content and
for the second series from 1a to 1d was found to be between
266 and 261 C. The Tg of SS for the polymers 1a to 1d was
started at 89 C and ends at 86 C. The effect of hard segment
content on the Tg of the polymer shows that as the concentra-
tion of HS increases, the Tg of the SS increases due to some of
the HS mixed with the SS matrix thereby increasing the soft
segment Tg. Also, Table 3 shows that the melting of hard
segment is depending on the size of the chain extender used
in the preparation PUU and for the samples 1a, 2a and 3a they
are 266, 217 and 157 C respectively. This value shows that the
hard segment based EDA crystallizes in a better way than the
BDA and HMDA counterparts. This explanation also
supported by the shift in the Tg value of the polymer to a
higher temperature upon changing the chain extender from
EDA to HMDA. HMDA based polymer has higher Tg
value with low Tm due to the lower crystallinity. Similar
trend is found out in IR and WAXS measurements. The
crystallinity of the hard segment is decreased in the order of
HMDA< BDA< EDA.
3.6. TGA
TGA curve of the 1a, 2a, and 3a polymer samples is given in
Fig. 7 and the data are presented in Table 3. Generally the
thermal stability of a polymer will be determined by the
strength of its weakest bond. For the polymers in series 1, 2
and 3, they are structurally similar but chain length is varied,
so it shows different thermal behaviour. The decomposition
temperature values of the polymer are found between 413
and 415 C. All the materials show the single stage decompos-
ing temperature centred around 413 C. Above that tempera-
ture, PUU decomposed completely. From Table 3, one
observes that, as the HS content increases, the thermal stability
increases slightly, which is due to the increase in toughness of
the system.
3.7. Swelling ratio of polymer
The swelling property of the polymer is measured and pre-
sented in Table 3. PUU is semi-crystalline and therefore0 10 20 30
In
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ity
2 -Theta (angle)
b
perature: (a), 1a; (b), 3a.
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Table 3 DSC, TGA, swelling ratio and solubility data for PU and PUU copolymer.
Polymer code HS (wt.%) SS (wt.%) ginh (dL/g) DSC (C) TGAa (C) Swellb (wt.%) Solub. (wt.%)
Tg Tm Tc Tm – Tc
PSt2000 100 0.1 58 – – – 412 0 100
1a 16 84 0.3 89 266 225 41 413 0.5 56
1b 12 88 0.5 88 264 227 37 412 2 65
1c 10 90 0.7 87 263 228 35 412 3 78
1d 9 91 1.1 86 261 229 32 411 6 86
2a 17 83 0.4 94 217 186 31 414 0.8 67
2b 13 87 0.7 92 215 187 28 413 3 75
2c 12 88 1.2 90 213 189 24 412 4 83
2d 10 90 1.6 89 201 180 21 411 8 96
3a 18 82 0.5 98 157 – – 415 2 75
3b 13 87 1.2 97 155 – – 414 4 87
3c 11 89 1.5 96 149 – – 413 5 91
3d 10 90 2.0 95 142 – – 412 9 100
a Decomposition temperature.
b Swelling ratio in 28 days.
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Figure 6 DSC heating curve and cooling curve of three
polymers: d, 1a; m, 2a; ¤, 3a.
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Figure 7 TGA thermograms of the copolymer: h, PSOH; d, 1a;
m, 2a; ¤, 3a.
Poly(urethane–urea) based on functionalized polystyrene with HMDI 7physical crosslinks between the chains are possible. The den-
sity of physical crosslinking depends on the hard segment con-
tent. The physical crosslinking point opposes the water
molecule to penetrate through the soft matrix. Therefore on
increasing the hard segment, the swelling ratio decreases
(Yildiz and Hazer, 2000). The swelling ratio of PUU–EDA is
0.5–6 wt.%, PUU–BDA is 0.8–8 wt.% and PUU–HMDA is
2–9 wt.%. The swelling ratio decreases in the order of
1a < 2a < 3a due to close packing between soft and hard seg-
ments. The effect of hard segment content on the swelling ratioTable 4 WAXS data for PUU based EDA.
S. no 2h FWHM b= p/180 * FWHM h
1 1.4238 1.0790 0.018840 0
2 10.6900 3.3530 0.058544 5
3 20.3220 5.5442 0.096803 10
Please cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjc.2015.04.005is presented in Table 3 and reveals that the swelling ratio
increases with decrease in the hard segment content on the
copolymer.
3.8. Solvent resistivity
Solvent resistance behaviour of multi-block copolymers was
studied by suspending injection moulded bars in chloroform
at room temperature for 1 h. The PSt dissolves completely in
chloroform with in 1 h as shown in Table 3. The multiblockD= Kk/bÆCosh Cosh Nm A
.7119 100.96 0.7571 1.010 10.1
.3450 24.71 0.9956 0.247 2.47
.1610 15.11 0.9843 0.151 1.51
functionalized polystyrene with HMDI: Synthesis and characterization. Arabian
Table 5 Simple peak indexing for PUU based EDA.
Peak position 2h Sin2h 1000 * Sin2h 1000 * Sin2h/8.55 Reﬂection Remarks
1.4 0.00015 0.150000 0.0175 001 0+0+1
10.69 0.0087 8.700000 1.0175 100 12+0+0
20.32 0.0312 31.150000 3.6433 111 12+12+12
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Figure 8 Solvent resistivity of the copolymer with respect to HS
concentration: d, 1a; m, 2a; ¤, 3a.
8 M. Kayalvizhi et al.copolymer has dramatic lower weight losses in chloroform.
Although solubility decreases with increasing hard segment
content, the absorbed high values of solubility are due to the
highly polar nature of the urethane–urea linkage present in
the polymer chain. The weight losses after 1 h in chloroform
increase strongly with decreasing HS concentration. The
Solvent resistivity of PUU–EDA is 56–86 wt.%, PUU–BDA
is 67–96 wt.% and PUU–HMDIA is 75–100 wt.%. The solu-
bility increases in the order of HMDA> BDA> EDA due
to chain ﬂexibility and or low crystalline of the HS. The effect
of hard segment content on the solubility of the copolymer is
presented in Fig. 8 and the graph shows that the solubility
increases with decrease in hard segment content due to
decrease in the physical crosslinking points.
4. Conclusion
Three series of PUU (with EDA, BDA and HMDA chain
extender) are synthesized via conventional two-step melt poly-
merization method. The molecular weight of the polystyrene is
increased from 2000 to 8900/mol using HMDI as a chain exten-
der and thereby changing the hard segment concentration from
9 to 18 wt.%. From the FTIR, the crystallinity of the three
polymers increases in the order of EDA> BDA>HMDA.
Temperature dependent FTIR data show that the stability of
hydrogen bond up to 120 C is excellent in the EDA based poly-
mer. WAXS measurement conﬁrms the formation of copoly-
mer with excellent crystallinity for the EDA based PUU.
DSC data of the synthesized segmented copolymer show two
transition, Tg of SS and the melting of HS. The decomposition
temperature is revolved around 413 C. The swelling and the
solubility of the polymer (in chloroform) are depending on
the type of the chain extender and the concentration of the hard
segment.Please cite this article in press as: Kayalvizhi, M. et al., Poly(urethane–urea) based on
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